We study the direct and inverse scattering problems when the incident electromagnetic field is a time harmonic point-generated wave in a chiral medium and the scatterer is a perfectly conducting sphere. The exact Green's function and the electric far-field patterns of the scattering problem are constructed. For a small sphere, a closed-form approximation of the scattered wave field at the source of the incident spherical wave is obtained. These near-field results lead to the solution of an inverse problem. We also treat the same inverse problem using far-field results via the leading order term in the low-frequency asymptotic expansion of the scattering cross-section.
INTRODUCTION
In a homogeneous isotropic chiral media the electromagnetic fields are composed of left -circularly polarized (LCP) and right -circularly polarized (RCP) components, which have different wave numbers and independent directions of propagation.
The LCP and RCP components are assumed to be spherical Beltrami fields, [15] , [16] , [17] , in practice, such wave fields are more readily realized.
The present authors have studied electromagnetic waves in chiral media generated by a point source in the vicinity of the scatterer. In particular, in [1] , reciprocity, optical and general scattering theorems for point-source excitation in chiral media has been proved. In this article, we study two kinds of inverse problem. One involves farfield measurements, [3] , and the other involves near-field measurements. Specifically, in the first case we measure the scattering cross-section for five point-source locations, while in the second case we measure the scattered field at the location of the point source. _____________________________ Correspondence to: Athanasiadis C, Department of Mathematics, University of Athens, Panepistemiopolis, GR 15784 Athens, Greece, or Berketis N., PhD, MSc Applied Mathematics, University of Athens -Department of Mathematics, Principal 5 ου General Lyceum, Tataoulou and Medea st. 16232 -Byron -Athens, Greece.
1.E-mail: cathan@math.uoa.gr 2.E-mail: nberketis@gmail.com December 2008 Near-field inverse scattering, in which the incident field is generated by a point source, has been studied in [4] for acoustic and [5] for electromagnetic waves in an achiral environment, while results for far-field data can be found in, [5] , [7] , [10] and [11] .
In Section 2, considering Bohren decomposition into suitable Beltrami fields, we formulate the direct scattering problem of a spherical electromagnetic wave by a perfectly conducting obstacle. This problem is well posed the existence and uniqueness has been proved in [6] .
In Section 3, after expanding the incident field in terms of spherical wave functions, we obtain the exact solution of the scattering problem as well as an expansion for the electric far-field pattern.
In Section 4, we consider either LCP or RCP incidence and we obtain an approximation of the scattering cross-section. For the far-field experiments, we measure the scattering cross-section for various point-source locations.
Finally in Section 5, using near-field experiments, in which the scattered field is measured at the source, we solve the corresponding inverse scattering problem.
STATEMENT OF THE PROBLEM
Our goal is to study the direct and inverse scattering problems when the incident electromagnetic field is a time harmonic point -generated wave in a chiral medium and the scatterer is a perfectly conducting sphere of radius a centered at the origin. The exterior space   r a   r is an infinite homogeneous isotropic chiral medium with chirality measure β, electric permittivity ε and magnetic permeability μ. We consider a time harmonic spherical electromagnetic wave due to a point source at 0 P with position vector 0 r with respect to an origin O in the vicinity of the scatterer. In order to define spherical electromagnetic fields 
where L  and R  are wave numbers given by 
We note that when 0 r   , the incident electric field
reduces to plane electric wave with direction of propagation 0 r and polarizations
We consider 0 inc r E is incident upon a perfectly conducting sphere of radius a. Then, we want to calculate the scattered electric field 0 sc r E which is the unique solution, [6] , of the following exterior boundary value problem
.
The radiation condition (2.12) is valued uniformly in all directions
S is the unit sphere in 3  , n is the outward normal unit vector on the scatterer and
The scattered electric field will be depended on the polarizations ˆL p and ˆR p and will have the decomposition 
EXACT GREEN'S FUNCTION
We take spherical polar coordinates   , ,
r   where
with the origin at the centre of the spherical scatterer, so that the point source is at 0 , 0
and ẑ are unit vectors in the , x  and z directions, respectively. Using spherical vector wave functions (see 13.3.68 -13.3.70 of [19] , [21] and p.49-52 of [15] ) and taking into account (2.4), (2.5), we obtain
The n h is a spherical Hankel function of first order, are known spherical vector function, [19] .The scattered electric field that comes from a LCP incident field or a RCP incident field has a similar expansion to (3.1) or to (3.2) Using the boundary condition (2.11) on r a  , we obtain
and
Using the asymptotic forms, [15] ,   , as well; that is we make the so-called low-frequency assumption. From (3.7), (3.8), (3.10), (3.11), we obtain
where So from (3.14) and (3.15), we finally obtain 
Now for the scattering cross -section, by LCP or RCP spherical Beltrami fields, that is given by the forma (2.16), given by the relations 
In the special case 0 r     are constructed using radial amplitudes and three vector spherical harmonics [11] , [17] , [19] , [20] . The vector spherical harmonics may be expressed in terms of the scalar spherical harmonics, 1 , So, for 1, 2, n   , we have the spherical vector wave functions of the first kind
